Objective-This study investigated a potential interaction between the triallelic polymorphism of the serotonin transporter gene (SLC6A4) promoter and the experience of childhood trauma on the number of problem eating behaviors.
function (7. ). Low 5-HT function is associated with mood dysregulation and impulsivity (8.) , both of which are associated with eating and eating problems (4; 9.). Therefore, 5-HT system components that have a significant effect on overall 5-HT function are good candidates to influence eating behavior and risk for eating problems.
The serotonin transporter (SERT) is a transmembrane protein found in neurons that removes 5-HT from synapses via reuptake. The SERT is a critical element of the regulation of 5-HT system function and is therefore an excellent candidate for association with eating problems. The structural gene for SERT (SLC6A4; chromosome 17q11.1-q12) has a nearby promoter region polymorphism (5-HTTLPR) that affects transcriptional efficiency of the gene and has been widely studied (10.) . Lower cerebral SERT binding is associated with higher body mass index (BMI) (11.) . A recent meta-analysis of 15 studies examining the potential association between the commonly studied 5-HTTLPR genotype that affects SERT transcriptional efficiency and eating disorder found convergent evidence that the lower functioning allele (S) is associated with a significantly increased risk for eating disorders, especially with Anorexia Nervosa (12. ).
There is growing evidence to support the position that there may be gender differences in the associations between 5-HTTLPR genotype and eating behaviors. Prevalence rates of eating disorders and eating problems are significantly higher for women than men (13.) ; and the relations between 5-HTTLPR genotype and 5-HT system function also differ by gender (14.) . Such gender differences may manifest in emotional reactivity and increase vulnerability to emotional eating. Women homozygous for the S allele of the 5-HTTLPR have greater heart rate reactivity when exposed to a social stressor than women with other genotypes or men with any genotype (15.) ; and in a non-clinical sample of women who had engaged in binge eating, the S allele was associated with higher levels of binge eating and state anxiety (16.) . Conversely, the higher expressing allele (L A ) of the triallelic (5-HTTLPR plus rs25531) may be associated with "inhibited/compulsive" traits in women with eating disorders (17.) . Clearly, the 5-HTTLPR polymorphism is a good candidate for association with eating disorders and problems.
The experience of childhood trauma increases risk for several health-risk behaviors, including eating problems (18-19.) , and the association between abuse and eating disorders may be mediated by emotional disturbances (20.) . Individuals with a lower expressing 5-HTTLPR genotype (S allele carriers) may be particularly sensitive to early life stresses, which may increase vulnerability to problems later in life (21-22.) , although there is some controversy about these findings (23-27.) . Women who have experienced childhood trauma and have the lower expressing genotype of 5-HTTLPR are quicker to recognize facial expressions of fear and anger (28.) . Such sensitivity to negative emotions is thought to be a risk factor for psychiatric disorders with an emotional component. A substantial and growing empirical literature examining potential mechanisms of the sensitivity of the lower expressing genetic variant of the 5-HT transporter in non-human animal models supports the position that the effects of 5-HTTLPR genotype are conditional on exposure to early life stresses (29.) .
The relations among genetic polymorphisms in SLC6A4, gender, childhood trauma and eating problems have been studied, but are not yet fully characterized. Richardson, et al. (30. ) reported that experiencing of child abuse and carrying the S allele of 5-HTTLPR was more common in a group of women with bulimia-spectrum disorder and other psychiatric comorbidity (i.e. major depressive disorder, anxiety disorder and/or substance use disorder). Such results are consistent with the notion that genotypes associated with lower SERT expression, when coupled with the experience of childhood adversity, increase vulnerability to psychiatric disorders including eating disorders. Such an increase in risk for eating problems may be at least partially mediated by an increase in impulsivity in those women with lower SERT expression who have experienced childhood trauma (31-32.) .
Despite some successes in identifying genetic polymorphisms associated with psychiatric disorders, the rate of discovery has not kept pace with expectations (33.). Two main perspectives have emerged to address this apparent shortcoming of current research into the genetic basis of psychiatric disorders. One perspective is that study sample sizes are just too small to identify small genetic effects; whereas another perspective is that psychiatric diagnoses are not good phenotypes for genetic analyses because they produce groups of patients that are heterogeneous with respect to their genetic influences. Although we see merit in both positions, our perspective is more consistent with the latter, and therefore our approach utilizes strong candidate genes with common variants; and rather than diagnoses we study quantitative traits in non-clinical populations. By using non-clinical populations we are able to increase our sample sizes and by using quantitative measures of eating problems rather than dichotomous categorizations we can further increase our statistical power to detect likely small genetic effects. We focus on both men and women to be better able to characterize potential gender differences.
In the present study, we tested the hypothesis that exposure to childhood trauma would be associated with more eating problems in adulthood for those individuals who carried one or more alleles associated with low SERT expression (i.e. L G , S). We further hypothesized that the pattern of this association would differ for men and women.
Materials and Methods

Participants and basic procedure
College students from a small Midwestern university were recruited via posters and brief inclass presentations that described the study. To control for potential population stratification, we report only analyses conducted on data collected from self-reported Caucasians (N = 439; 64.7% female). The mean age of the sample was 22.49 (SD = 6.12) with 85% of the sample being between the ages of 18 and 25. The local institutional review board approved the study and all participants gave informed consent prior to their participation. Participants completed questionnaires assessing impulsivity and health-risk behaviors, computer tasks assessing impulsivity and decision-making and donated buccal cell samples for genotyping. Participants were remunerated $20 for approximately 2 hr of their time. Only data directly relevant to the questions under study are reported here; other analyses are reported elsewhere (34-35.) .
DNA Extraction and Genotyping
The DNA extraction and genotyping conditions and procedures are standard and are reported elsewhere (34.). We re-genotyped 38 randomly chosen DNA samples and found no discrepancies in genotype calls.
Measures
The Traumatic Antecedent Questionnaire (TAQ) is a 42-item self-report questionnaire that assesses an individual's personal positive and negative experiences using a 4-point intensity scale (from 0 = "never or not at all" to 3 = "often or very much") and across four life stages (ages 0-6, 7-12-13-18, adult) (36.) . Although the TAQ is not a well-known scale for assessing trauma, higher scores for the negative experience scales in childhood have been observed in psychiatric patients relative to controls (36.) . Further characterization of the reliability and validity of the TAQ should be pursued. For our purposes, the TAQ provided the means to divide our sample into groups that had experienced relatively different exposure to childhood trauma. We used a slightly modified version of the TAQ whereby we assessed only two life stages (0-12 and 13-18). Therefore, we are unable to differentiate early and late childhood. In this study, we report only scores from the negative experience scales representing the Trauma factor (physical abuse [e.g. "I was beaten, kicked or punched by someone close to me"], sexual abuse [e.g. "Someone (older) touched me sexually, against my wishes or tried to make me touch them"], witnessing [e.g. "I witnessed physical violence in my family"] and other traumas [e.g. "I was involved in a serious accident"]; (36.)) from childhood (ages 0-12). The internal consistency among these four scales is acceptable (Cronbach's α = .79 in this study). We constructed a two-level variable representing levels of trauma by summing the scores for four subscales and then using a score of 2 as a cut point for the Low (n = 370) and High (n = 64) groups. We chose this cut point because we reasoned that "high" trauma should be relatively low (15%) in frequency, but not so low to make examining interaction effects impossible. This rate appears to be broadly consistent with estimates of physical and sexual maltreatment (37.).
The Eating Attitudes Test (EAT-26) is a 26 item instrument that measures characteristics and concerns of eating disorders (38.). Four factors derived from scores on 16 of the items have been shown to be a better fit than the original three factors of Dieting, Bulimia and Food preoccupation (39.). Self-perception of body shape, Dieting, Awareness of food contents and Food preoccupation comprise the four factors that we calculated. The total score is reliable (in terms of internal consistency, Cronbach's α = .87 in this study). Our eating problems assessment also included four yes/no items regarding binge eating ("Have you gone on eating binges where you feel that you may not be able to stop?"), purging ("Have you ever made yourself sick (vomited) to control your weight or shape?" and "Have you ever used laxatives, diet pills or diuretics (water pills) to control your weight or shape?"), and history of eating disorder treatment ("Have you ever been treated for an eating disorder?").
The Barratt Impulsiveness Scale (BIS-11) is a 30-item self-report instrument that uses a 4-point Likert scale from Rarely/Never to Almost Always (40.). A total score is calculated by summing three subscale scores. The subscales are Motor ("I act on the spur of the moment"), Attentional ("I have outside thoughts when thinking") and Nonplanning ("I plan trips well ahead of time" reverse scored). The total score is reliable (in terms of internal consistency, Cronbach's α = .86 in this study).
Statistical Analysis
Analyses of covariance (ANCOVA) using age as a covariate were performed using the univariate GLM procedure to test associations between the triallelic 5-HTTLPR genotype (L A /L A [i.e. higher expression] vs. all other genotypes [i.e. lower expression]), gender, childhood trauma (Low vs. High) and their interactions first on EAT-26 Total score and then on its four subscales scores and on BIS-11 scores. A two-tailed alpha of 0.05 is appropriate to determine significance in the analyses of the full EAT-26. Follow-up analyses of the EAT-26 subscales should be evaluated using a Bonferroni corrected significance level of 0.05/4 = 0.0125; although it should be recognized that this is a conservative approach especially since these subscales are significantly correlated with each other and are summed to create the total score. All statistical analyses were conducted using IBM SPSS (version 19).
Results
Descriptive Statistics
Genotype .58, p = .002, partial η 2 =.022. As with most clinical screening instruments, the trauma factor score distribution was highly positively skewed and leptokurtic (M = 0.96, SD = 1.34, Skewness = 2.97, SE = 0.12, Kurtosis = 12.34, SE = 0.23). We split the sample into "high" and "low" groups based on this score. We reasoned that the "high" trauma group should be relatively small, so we examined the score distribution and determined that a natural break would create childhood trauma groups of reasonable size(i.e. "low" [score = o-2; 85% of participants] and "high" [score greater than 2]. Trauma classification was independent of gender (χ 2 =0.07, df = 1, p = .79) and genotype (χ 2 =0.09, df = 1, p = .77).
To reduce the influence of outliers on mean EAT-26 scores, we Winsorized the scores by converting all scores that were greater than 32 to a score of 33.
General Linear Models
In a univariate General Linear Model with EAT-26 total score as the dependent variable and age as a covariate, there were significant main effects for gender (partial η 2 = 0.028), and triallelic 5-HTTLPR genotype (partial η 2 = 0.021), but not for childhood trauma (see Table  1 ). Women (M = 12.71, SD = 8.37) had higher mean scores than men (M = 8.34, SD = 6.30). Those with lower expression alleles (M= 11.65, SD = 7.96) had higher mean EAT-26 Total scores than those with higher expression alleles (M = 9.94, SD = 7.93). There were significant interaction effects for the two-way genotype by childhood trauma interaction (partial η 2 = 0.012), and the three-way gender by genotype by childhood trauma interaction (partial η 2 = 0.018). No other interaction effects were statistically significant. Figure 1 shows the mean EAT-26 Total score (±se) for groups defined by gender, genotype and childhood trauma. Post hoc pair-wise comparisons indicate that the only significant effect of triallelic 5-HTTLPR genotype was in the female, high trauma group, F(1, 421) = 15.04, p < . 001, partial η 2 = 0.034.
We then conducted a multivariate GLM with scores on the four EAT-26 subscales (Selfperception of Body Shape, Dieting, Awareness of Food Contents and Food Preoccupation; (39.)) as dependent variables and with age as a covariate.
For the Self-perception of Body Shape subscale, there were significant main effects only for gender (partial η 2 = 0.028), and triallelic 5-HTTLPR genotype (partial η 2 = 0.020; see Table 1 ). Women (M = 2.62, SD = 2.40) had higher mean scores than men (M = 1.19, SD = 1.90). Those with lower expression alleles (M= 2.25, SD = 2.35) had higher mean scores than those with higher expression alleles (M = 1.78, SD = 2.26). There was a significant two-way interaction effect for genotype × trauma (partial η 2 =0.015); and a trend for the three-way interaction (partial η 2 = 0.013).
For the Dieting subscale, there were significant main effects only for gender (partial η 2 = 0.024). Women (M = 3.01, SD = 3.07) had higher mean scores than men (M = 1.50, SD = 1.98). There was a non-significant trend (after Bonferroni correction) for an interaction between gender and genotype (partial η 2 = 0.012). There was a significant interaction effect for the three-way gender by genotype by childhood trauma interaction (partial η 2 = 0.023). No other effects were statistically significant.
For the Food Preoccupation scale, none of the main effects were significant. There was a significant two-way gender × genotype interaction effect (partial η 2 = 0.018). There was also a significant three-way interaction effect (partial η 2 = 0.019).
For the Awareness of Food Contents there were no significant main effects or interaction effects. Table 2 presents the descriptive statistics for the four EAT-26 subscales for groups defined by gender, genotype and childhood trauma.
We then ran a GLM with the same independent variables and covariate with the BIS-11 as the dependent variable. Examining this model should provide insight into whether the effects seen with the eating problem factors are consistent with an interpretation that impulsivity is a potential mediator. There were marginally significant main effects for gender (partial η 2 = 0.010), and triallelic 5-HTTLPR genotype (partial η 2 = 0.011). There was a significant main effect of childhood trauma (partial η 2 = 0.039; see Table 1 ). Women (M = 63.93, SD = 11.37) had lower mean scores than men (M = 66.97, SD = 10.63). Those with lower expression alleles (M= 64.69, SD = 10.74) had lower mean scores than those with higher expression alleles (M = 65.77, SD = 12.42). Those who experienced lower levels of childhood trauma (M = 64.14, SD = 10.70) had lower mean scores than those who experienced high levels of trauma (M = 69.87, SD = 12.82). There was a significant twoway interaction effect for genotype × trauma (partial η 2 =0.013). Post hoc analyses of the effect of 5-HTTLPR triallelic genotype indicated that the only statistically significant difference was that, in men who had experienced High levels of childhood trauma, those with the higher expression alleles had higher BIS-11 Total scores than those with lower function alleles (partial η 2 = 0.014; see Figure 2 ). Table 3 presents bivariate correlations among scores on EAT-26, Traumatic Antecedent Questionnaire and BIS-11. Only correlation coefficients significant at p<.05 are shown for clarity of presentation. Scores on subscales for each instrument are significantly intercorrelated and are shown in boxes.
Discussion
Our goal for this study was to determine whether the well studied 5-HTTLPR triallelic genotype was associated with eating problems in a non-clinical sample of men and women, and whether the association was moderated by the experience of childhood trauma or by gender. Consistent with our hypothesis, we found that women carrying lower expression alleles (L G or S) who reported being exposed to higher levels of childhood trauma reported a significantly higher mean number of eating problems than other participants. Women in that high risk group were also more likely to report having been treated for an eating disorder and to endorse bulimia-specific symptoms (i.e. binge eating, and controlling weight by vomiting and/or the use of laxatives or diuretics). In addition to this genotype × gender × trauma interaction, our analysis also identified a main effect of the 5-HTTLPR triallelic genotype on eating problems, such that the lower expression alleles were associated with higher mean numbers of eating problems. This finding is consistent with other studies indicating that the S allele of 5-HTTLPR is a risk factor for eating disorders. It is also consistent with the somewhat controversial finding that the S allele appears to confer vulnerability to adult behavioral problems especially when it is coupled with the experience of early childhood adversity. An interaction between 5-HTTLPR triallelic genotype and childhood trauma on eating problems was not observed in men.
When we examined the four factor subscales of the EAT-26 with the same, full factorial, general linear model, we observed that the pattern of results seen in the total score was generally replicated in Self-perception of Body Shape, Dieting and Food Preoccupation. None of the main (gender, genotype, and trauma) or interaction effects was significantly associated with Awareness of Food Contents Scores. In response to a reviewer's comment, we re-analyzed the data with the more commonly seen three factor subscales (Dieting; Bulimia and Food Preoccupation and Oral Control). The pattern of results was the same in both analyses for the Dieting subscales and for the Food Preoccupation/Bulimia and Food Preoccupation subscales because of the substantial overlap in item representation (data not shown). For Oral Control, however, the regression model was not significant F (8, 421) = 1.26, p = .262. Therefore, it seems that the Self-Perception of Body Shape factor may represent an aspect of eating problems not examined in the traditional three factor extraction.
The Food preoccupation subscale of the EAT-26 was most correlated with reports of childhood traumatic experiences and impulsivity. This factor is comprised of scores on four items: 1) I find myself preoccupied with food. 2) I feel that food controls my life. 3) I give too much time and thought to food. 4) I have gone on eating binges where I feel I am not able to stop (39.) . For women, scores on the Food Preoccupation subscale were positively correlated with all measures of childhood trauma, BIS-11 Total and all BIS-11 subscale scores. For men, scores on the Food Preoccupation factor were not correlated with any of the measures of childhood trauma, but they were correlated with BIS-11 Total score and the BIS-11 Nonplanning subscale. This pattern of correlations characterizes reduced behavioral control over eating that, particularly in women, appears to be related to the experience of childhood trauma. If this pattern of findings is confirmed, it seems that prevention and treatment efforts for women who have experienced childhood trauma should focus on counteracting preoccupation with food.
The Awareness of Food Contents factor scores are negatively correlated with BIS-11 Total score and Motor score in men and with all BIS-11 scores in women. Those with high Motor impulsivity (i.e. acting without thinking) appear to be reporting that they do not seem to be very concerned about the type of foods they are eating. Examination of the subscales for both the EAT-26 and the BIS-11 revealed that certain associations may be obscured when only examining the total scale scores. For example, impulsivity was negatively correlated with Awareness of Food Contents and positively associated with Food Preoccupation and so summing them to obtain the EAT-26 total score eliminated the correlation between EAT-26 and impulsivity.
Women with lower expressing 5-HTTLPR alleles, who had reported high levels of childhood trauma, did not have elevated scores on impulsivity as measured by the BIS-11 Total score. It seems then that other psychological constructs, such as anxiety or affect are required to explain the elevation of eating problems observed in that group (42.) . This pattern of results is consistent with a recent study that found the relationship between depressive feelings and emotional eating was strongest in girls with the S allele of 5-HTTLPR (43.). For men who reported high levels of childhood trauma the higher expressing 5-HTTLPR allele was associated with higher impulsivity scores than those with the lower expressing alleles. This pattern is different from that seen for eating problems. It may be that men with the higher expressing alleles are at risk for other problems because of their risky decision making (34; 44.), relatively lower amygdala activation in response to emotional stimuli (45-46.) , and slow rate of learning from punishment (47.). These men do not appear to be at elevated risk for eating problems, but may be of particular interest for potential involvement in other risky behaviors. While it may be that the lack of effect could be due to relatively lower statistical power (i.e. relatively few men in the High Trauma exposure condition (23.)), the pattern of mean EAT-26 scores for men does not resemble the pattern observed in women. The EAT-26 may better assess relevant variation in eating problems in women than in men. Alternatively, the phenotypic expression of risk vulnerability in men might be revealed in other health-risk behaviors. However, it must be noted that because of the rather small number of men who had higher expressing 5-HTTLPR alleles and reported experiencing High levels of childhood trauma (n=8; see Table 2 ), the gender specificity of this result should be interpreted with some caution.
Women with lower expressing 5-HTTLPR alleles, who have experienced childhood trauma appear to be at especially high risk for eating problems and therefore screening efforts may consider collecting genotype information along with information about the experience of childhood physical and sexual abuse as well as witnessing and exposure to other traumas in the context of risk assessment. If 5-HTTLPR S allele carriers are less likely to respond to SSRI treatment for eating disorders (48.), then knowing a patient's genotype and childhood trauma history may indicate another treatment approach, such as cognitive behavioral therapy.
This study has several strengths. Our sample size is relatively large for this type of study and our sample is relatively ethnically homogeneous. We tested straightforward hypotheses and purposefully conducted a limited number of statistical tests to conserve statistical power. We used well known instruments to assess eating problems and impulsivity. We assayed the well known 5-HTTLPR and rs25531 polymorphisms and grouped participants based on the current understanding of the influence of these loci on SLC6A4 expression. Our results are consistent with several other studies.
This study has some limitations. One is that individuals with different 5-HTTLPR genotypes may interpret events differently and there may be a bias such that those homozygous for higher expression alleles may report fewer traumatic experiences because their subjective interpretation of an event might lead them to label it as non-traumatic. However, in this study, genotype and level of trauma reported were independent (χ 2 =0.09, df = 1, p = .77). There are other genetic polymorphisms that affect SLC6A4 expression and function and we did not assay all of them. So, it is likely that we are not capturing all of the genetic variation relevant to the question under consideration. We did not assess reward sensitivity, affect regulation, or history of anxiety or mood disorder. The connection between eating disorder symptoms and depression symptoms in women appears to be especially important (49.) , so future studies should definitely assess mood disorder symptoms as well as eating problems. We also did not assess other aspects of impulsivity that might be relevant for eating problems, such as delay discounting or response inhibition. We also did not assess height and weight of participants, so we are unable to examine questions regarding obesity. Additionally, we focused on the self-report of trauma during a single, rather broad age range (age 0-12), so our findings may not generalize to trauma experienced outside of that age range.
In this study we assessed eating problems, childhood trauma, impulsivity and genotypes that influence a key regulator of 5-HT function in a non-clinical sample. Our results suggest that in women who have experienced high levels of childhood trauma, lower expressing 5-HTTLPR alleles are associated with elevated risk for eating problems. Further, we have shown that impulsivity is unlikely to mediate this association. Finer grain analyses with different aspects of impulsivity, and more detailed assessments of childhood trauma and eating problem, and other genotypes in both clinical and non-clinical populations may help to better characterize the genetic architecture of eating problems. Mean number of eating problems (i.e. EAT-26 Total scores, ± s.e.) for groups defined by gender, level of exposure to childhood trauma and 5-HTTLPR triallelic genotype. * p < .001 Mean impulsivity score (i.e. BIS-11 Total, ± s.e.) for groups defined by gender, level of exposure to childhood trauma and 5-HTTLPR triallelic genotype. * p = .013 Table 1 F and p-values from general linear models for EAT-26 Total Scores and its four factor subscales.
EAT-26 Total
Self-perception Descriptive statistics for the four EAT-26 factor subscales and percent reporting specific types of eating problems for groups defined by gender, 5-HTTLPR triallelic genotype and experience of childhood trauma. Or used diet pills, diuretics to control weight or shape. ED = eating disorder. Table 3 Bivariate correlations among scores on the EAT-26, Traumatic Antecedent Questionnaire and the BIS-11 for men and women. 
